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GENERIC REGISTER INTERFACE FOR 
ACCESSING REGISTERS LOCATED IN 

DIFFERENT CLOCK DOMAINS 

FIELD OF THE INVENTION 

This invention relates to data processing systems, and 
more particularly, to a network sWitch having a system for 
providing external CPU’s access to registers run at different 
clock rates. 

BACKGROUND ART 

A netWork sWitch may be provided in a data communi 
cation netWork to enable data communication betWeen mul 
tiple netWork nodes connected to various ports of the sWitch. 
A logical connection may be created betWeen receive ports 
and transmit ports of the sWitch to forWard received frames 
to appropriate destinations. The netWork sWitch may contain 
registers arranged in various blocks run at different clock 
rates, i.e. located in different clock domains. 

It Would be desirable to create a system for providing an 
external CPU With access to registers located in different 
clock domains. Also, it Would be desirable to provide a 
generic register interface that supports register access by any 
external host connected to the netWork sWitch. 

DISCLOSURE OF THE INVENTION 

The invention offers a novel method of providing an 
external host processor With access to registers located in 
different clock domains. The method comprises the steps of 
translating host processor interface signals into internal 
register interface signals, and performing handshaking With 
the registers via the internal register interface. 

The handshaking may include supplying the registers With 
a register access signal for enabling access to a selected 
register, and producing a register ready signal in response to 
the register access signal. Synchronization signals delayed 
With respect to the register ready signal may be used for 
synchronizing the host processor interface With the registers 
located in different clock domains. 

In accordance With one aspect of the invention, data 
processing system connected to an external host processor 
comprises a host processor interface for providing interface 
to the host processor, a plurality of register modules located 
in different clock domains and having registers to be 
accessed by the host processor, an internal register interface 
for providing interface to the plurality of register modules, 
and a processor interface module coupled to the host pro 
cessor interface for performing handshaking With the plu 
rality of register modules to provide the host processor With 
access to the registers in the plurality of register modules. 
The processor interface module enables the internal register 
interface to support any external processor connected to the 
host processor interface. 

In accordance With a preferred embodiment of the 
invention, the processor interface module may comprise a 
state machine responsive to the host processor interface for 
controlling access to the registers via the internal register 
interface. The state machine makes the transition to a 
starting state When the host processors access to a selected 
register is initiated. In response to initiation of the host 
processor’s access, the state machine may produce a register 
access signal in the internal register interface to enable 
access to the selected register. A register module containing 
the selected register responds With a register ready signal. 
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2 
Thereafter, the register module may generate synchroniza 
tion signals to provide synchronization With the processor 
interface module. 

After receiving the synchronization signals, the state 
machine may deactivate the register access signal to ?nish 
the host processor’s access. The register module may 
respond by deactivating the register ready signal and the 
synchronization signals. 

In accordance With another aspect of the invention, a 
netWork sWitching system for sWitching data packets 
betWeen multiple ports comprises a plurality of receive ports 
for receiving data packets, a decision making engine respon 
sive to the received data packets for controlling transmission 
of the received data packets to a selected transmit port, a host 
processor interface for connecting a host processor, multiple 
register modules located in different clock domains, an 
internal register interface for providing interface to the 
multiple register modules, and a processor interface module 
coupled to the host processor interface for supporting host 
processor’s access to registers located in different clock 
domains. 

Various objects and features of the present invention Will 
become more readily apparent to those skilled in the art from 
the folloWing description of a speci?c embodiment thereof, 
especially When taken in conjunction With the accompany 
ing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a packet sWitched netWork 
including a multiple port sWitch according to an embodi 
ment of the present invention. 

FIG. 2 is a block diagram of the multiple port sWitch of 
FIG. 1. 

FIG. 3 is a block diagram illustrating in detail the sWitch 
ing subsystem of FIG. 2. 

FIG. 4 is a block diagram illustrating interactions betWeen 
a host CPU and registers located in different clock domains. 

FIG. 5 is a timing diagram illustrating CPU read access to 
the registers. 

FIG. 6 is a timing diagram illustrating CPU Write access 
to the registers. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

FIG. 1 is a block diagram of an exemplary system in 
Which the present invention may be advantageously 
employed. The exemplary system 10 is a packet sWitched 
netWork, such as an Ethernet (IEEE 802.3) netWork. The 
packet sWitched netWork includes integrated multiport 
sWitches (IMS) 12 that enable communication of data pack 
ets betWeen netWork stations. The netWork may include 
netWork stations having different con?gurations, for 
example tWelve (12) 10 megabit per second (Mb/s) or 100 
Mb/s netWork stations 14 (hereinafter 10/100 Mb/s) that 
send and receive data at a netWork data rate of 10 Mb/s or 
100 Mb/s, and a 1000 Mb/s (i.e., 1 Gb/s) netWork node 22 
that sends and receives data packets at a netWork speed of 1 
Gb/s. The gigabit node 22 may be a server, or a gateWay to 
a high-speed backbone netWork. Hence, the sWitches 12 
selectively forWard data packets received from the netWork 
nodes 14 or 22 to the appropriate destination based upon 
Ethernet protocol. 

Each sWitch 12 includes a media access control (MAC) 
module 20 that transmits and receives data packets to and 
from 10/100 Mb/s physical layer (PHY) transceivers 16 via 
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respective shared media independent interfaces (MII) 18 
according to IEEE 802.3u protocol. Each sWitch 12 also 
includes a gigabit MAC port 24 for sending and receiving 
data packets to and from a gigabit PHY 26 for transmission 
to the gigabit node 22 via a high speed netWork medium 28. 

Each 10/100 Mb/s netWork station 14 sends and receives 
data packets to and from the corresponding sWitch 12 via a 
media 17 and according to either half-duplex or full duplex 
Ethernet protocol. The Ethernet protocol ISO/IEC 8802-3 
(ANSI/IEEE Std. 802.3, 1993 Ed.) de?nes a half-duplex 
media access mechanism that permits all stations 14 to 
access the netWork channel With equality. The 10/100 Mb/s 
netWork stations 14 that operate in full duplex mode send 
and receive data packets according to the Ethernet standard 
IEEE 802.3u. The full-duplex environment provides a tWo 
Way, point-to-point communication link enabling simulta 
neous transmission and reception of data packets betWeen 
each link partner, i.e., the 10/100 Mb/s netWork station 14 
and the corresponding sWitch 12. 

Each sWitch 12 is coupled to 10/100 physical layer (PHY) 
transceivers 16 con?gured for sending and receiving data 
packets to and from the corresponding sWitch 12 across a 
corresponding media independent interface (MII) 18. A 
magnetic transformer 19 provides AC coupling betWeen the 
PHY transceiver 16 and the corresponding netWork medium 
17. Each sWitch 12 also includes an expansion port for 
transferring data betWeen other sWitches according to a 
prescribed protocol. 

FIG. 2 is a block diagram of the sWitch 12. The sWitch 12 
contains a decision making engine 40 that performs frame 
forWarding decisions, a sWitching subsystem 42 for trans 
ferring frame data according to the frame forWarding 
decisions, a buffer memory interface 44, management infor 
mation base (MIB) counters 48, and MAC (media access 
control) protocol interfaces 20 and 24 to support the routing 
of data packets betWeen the Ethernet (IEEE 802.3) ports 
serving the netWork stations 14 and 22. The MIB counters 48 
provide statistical netWork information in the form of man 
agement information base (MIB) objects to an external 
management entity controlled by a host CPU 32, described 
beloW. 

The external memory interface 44 enables external stor 
age of packet data in a synchronous static random access 
memory (SSRAM) 36 in order to minimiZe the chip siZe of 
the sWitch 12. In particular, the sWitch 12 uses the SSRAM 
36 for storage of received frame data, and memory struc 
tures. The memory 36 is preferably either a Joint Electron 
Device Engineering Council (JEDEC) pipelined burst or 
Zero Bus TurnaroundTM (ZBT)-SSRAM having a 64-bit 
Wide data path and a 17-bit Wide address path. The external 
memory 36 is addressable as upper and loWer banks of 128 
K in 64-bit Words. The siZe of the external memory 36 is 
preferably at least 1 Mbytes, With data transfers possible on 
every clock cycle through pipelining. 

Additionally the external memory interface clock oper 
ates at clock frequencies of at least 66 MHZ and, preferably, 
100 MHZ and above. 

The sWitch 12 also includes a processor interface module 
50 that enables an external management entity such as a host 
CPU 32 to control overall operations of the sWitch 12. In 
particular, the processor interface module 50 decodes CPU 
accesses Within a prescribed register access space, and reads 
and Writes con?guration and status values to and from 
con?guration and status registers 52. 

The internal decision making engine 40, referred to as an 
internal rules checker (IRC), makes frame forWarding deci 
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4 
sions for data frames received from one source to at least one 
destination station. 

The sWitch 12 also includes an LED interface 54 that 
clocks out the status of conditions per port and drives 
external LED logic. The external LED logic drives LED 
display elements that are human readable. 

The sWitching subsystem 42, con?gured for implement 
ing the frame forWarding decisions of the IRC 40, includes 
a port vector ?rst in ?rst out (FIFO) buffer 56, a plurality of 
output queues 58, a multicopy queue 60, a multicopy cache 
62, a free buffer queue 64, and a reclaim queue 66. 
The MAC unit 20 includes modules for each port, each 

module including a MAC receive portion, a receive FIFO 
buffer, a transmit FIFO buffer, and a MAC transmit portion. 
Data packets from a netWork station 14 are received by the 
corresponding MAC port and stored in the corresponding 
receive FIFO. The MAC unit 20 obtains a free buffer 
location (i.e., a frame pointer) from the free buffer queue 64, 
and outputs the received data packet from the corresponding 
receive FIFO to the external memory interface 44 for storage 
in the external memory 36 at the location speci?ed by the 
frame pointer. 
The IRC 40 monitors (i.e., “snoops”) the data bus to 

determine the frame pointer value and the header informa 
tion of the received packet, including source, destination, 
and virtual LAN (VLAN) address information. The IRC 40 
uses the header information to determine Which MAC ports 
Will output the data frame stored at the location speci?ed by 
the frame pointer. The decision making engine may thus 
determine that a given data frame should be output by either 
a single port, multiple ports, or all ports (i.e., broadcast). 
Also, the IRC 40 may decide that the frame should not be 
forWarded to any port. 

For example, each data frame includes a header having 
source and destination address, Where the decision making 
engine 40 may identify the appropriate output MAC port 
based upon the destination address. Alternatively, the des 
tination address may correspond to a virtual address that the 
appropriate decision making engine identi?es as corre 
sponding to a plurality of netWork stations. In addition, the 
frame may include a VLAN tag header. The IRC 40 may 
also determine that the received data frame should be 
transferred to another sWitch 12 via the expansion port 30. 
Hence, the internal rules checker 40 Will decide Whether a 
frame temporarily stored in the buffer memory 36 should be 
output to a single MAC port or multiple MAC ports. 
The internal rules checker 40 outputs a forWarding deci 

sion to the sWitch subsystem 42 in the form of a forWarding 
descriptor. The forWarding descriptor includes a port vector 
identifying each MAC port that should receive the data 
packet, priority class identifying Whether the frame is high 
priority or loW priority, VLAN information, Rx port number, 
Opcode, and frame pointer. The port vector identi?es the 
MAC ports to receive the data packet for transmission (e.g., 
10/100 MAC ports 1—12, Gigabit MAC port, and/or Expan 
sion port). The port vector FIFO 56 decodes the forWarding 
descriptor including the port vector, and supplies the frame 
pointer to the appropriate output queues 58 that correspond 
to the output MAC ports to receive the data packet trans 
mission. In other Words, the port vector FIFO 56 supplies the 
frame pointer on a per-port basis. The output queues 58 fetch 
the data packet identi?ed in the port vector from the external 
memory 36 via the external memory interface 44, and supply 
the retrieved data packet to the appropriate transmit FIFO of 
the identi?ed ports. If a data packet is to be supplied to a 
management agent, the frame pointer is also supplied to a 
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management queue 68, Which can be processed by the host 
CPU 32 via the Processor interface module 50. 

The multicopy queue 60 and the multicopy cache 62 keep 
track of the number of copies of the data packet that are 
fetched from the respective output queues 58, ensuring that 
the data packet is not overWritten in the SSRAM 36 until the 
appropriate number of copies of the data packet have been 
output from the SSRAM 36. Once the number of copies 
output corresponds to the number of ports speci?ed in the 
port vector FIFO 56, the frame pointer is forWarded to the 
reclaim queue 66. The reclaim queue 66 stores frame 
pointers that can be reclaimed by the free buffer queue 64 as 
free pointers. After being returned to the free buffer queue 
64, the frame pointer is available for reuse by the MAC unit 
20 or the gigabit MAC unit 24. 

FIG. 3 depicts the sWitch subsystem 42 of FIG. 2 in more 
detail according to an exemplary embodiment of the present 
invention. Other elements of the multiport sWitch 12 of FIG. 
2 are reproduced in FIG. 3 to illustrate the connections of the 
sWitch subsystem 42 to these other elements. 
As shoWn in FIG. 3, the MAC module 20 includes a 

receive portion 20a and a transmit portion 24b. The receive 
portion 20a and the transmit portion 24b each include 12 
MAC modules (only tWo of each shoWn and referenced by 
numerals 70a, 70b, 70c, and 70th con?gured for performing 
the corresponding receive or transmit function according to 
IEEE 802.3 protocol. The MAC modules 70c and 70d 
perform the transmit MAC operations for the 10/100 Mb/s 
sWitch ports complementary to modules 70a and 70b, 
respectively. 

The gigabit MAC port 24 als+o includes a receive portion 
24a and a transmit portion 24b, While the expansion port 30 
similarly includes a receive portion 30a and a transmit 
portion 30b. The gigabit MAC port 24 and the expansion 
port 30 also have receive MAC modules 72a and 72b 
optimiZed for the respective ports. The transmit portions 24b 
and 30b of the gigabit MAC port 24 and the expansion port 
30a also have transmit MAC modules 72c and 72d, respec 
tively. The MAC modules are con?gured for full-duplex 
operation on the corresponding port, and the gigabit MAC 
modules 72a and 72c are con?gured in accordance With the 
Gigabit Proposed Standard IEEE Draft P802.3Z. 

Each of the receive MAC modules 70a, 70b, 72a, and 72b 
include queuing logic 74 for transfer of received data from 
the corresponding internal receive FIFO to the external 
memory 36 and the rules checker 40. Each of the transmit 
MAC modules 70c, 70d, 72c, and 72d includes a dequeuing 
logic 76 for transferring data from the external memory 36 
to the corresponding internal transmit FIFO. The queuing 
logic 74 uses the fetched frame pointers to store receive data 
to the external memory 36 via the external memory interface 
controller 44. The frame buffer pointer speci?es the location 
in the external memory 36 Where the received data frame 
Will be stored by the receive FIFO. 

The external memory interface 44 includes a scheduler 80 
for controlling memory access by the queuing logic 74 or 
dequeuing logic 76 by any sWitch port to the external 
memory 36, and an SSRAM interface 78 for performing the 
read and Write operations With the SSRAM 36. In particular, 
the sWitch 12 is con?gured to operate as a non-blocking 
sWitch, Where netWork data is received and output from the 
sWitch ports at the respective Wire rates of 10, 100, or 1000 
Mb/s. Hence, the scheduler 80 controls the access by dif 
ferent ports to optimiZe usage of the bandWidth of the 
external memory 36. 

Each receive MAC stores a portion of a frame in an 
internal FIFO upon reception from the corresponding switch 
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port; the siZe of the FIFO is suf?cient to store the frame data 
that arrives betWeen scheduler time slots. The corresponding 
queuing logic 74 obtains a frame pointer and sends a Write 
request to the external memory interface 44. The scheduler 
80 schedules the Write request With other Write requests from 
the queuing logic 74 or any read requests from the dequeu 
ing logic 76, and generates a grant for the requesting 
queuing logic 74 (or the dequeuing logic 76) to initiate a 
transfer at the scheduled event (i.e., slot). Sixty-four bits of 
frame data is then transferred over a Write data bus 69a from 
the receive FIFO to the external memory 36 in a direct 
memory access (DMA) transaction during the assigned slot 
based on the retrieved frame pointer. The frame is stored in 
the location pointed to by the free buffer pointer obtained 
from the free buffer pool 64, although a number of other 
buffers may be used to store a frame, as Will be described. 

The rules checker 40 also receives the frame pointer and 
the header information (including source address, destina 
tion address, VLAN tag information, etc.) by monitoring 
(i.e., snooping) the DMA Write transfer on the Write data bus 
69a. The rules checker 40 uses the header information to 
make the forWarding decision and generate a forWarding 
instruction in the form of a forWarding descriptor that 
includes a port vector. The port vector has a bit set for each 
output port to Which the frame should be forWarded. If the 
received frame is a unicopy frame, only one bit is set in the 
port vector generated by the rules checker 40. The single bit 
that is set in the port vector corresponds to a particular one 
of the ports. 
The rules checker 40 outputs the forWarding descriptor 

including the port vector and the frame pointer into the port 
vector FIFO 56. The port vector is examined by the port 
vector FIFO 56 to determine Which particular output queue, 
eg at least one of the queues 58 or the management queue 
68, should receive the associated frame pointer. The port 
vector FIFO 56 places the frame pointer into the top of the 
appropriate queue 58 and/or 68. This queues the transmis 
sion of the frame. The output queue 68 is processed sepa 
rately by the host CPU 32 via the Processor interface module 
50. 
As shoWn in FIG. 3, each of the transmit MAC units 70d, 

70e, 70f, 72d, and 72c have an associated output queue 58a, 
58b, 58c, 58d, and 586, respectively. Preferably, each of the 
output queues 58 has a high priority queue for high priority 
frame pointers, and a loW priority queue for loW priority 
frame pointers. The high priority frame pointers are used for 
data frames that require a guaranteed access latency, e.g., 
frames for multimedia applications or management MAC 
frames. The frame pointers stored in the FIFO-type output 
queues 58 are processed by the dequeuing logic 76 for the 
respective transmit MAC units. At some point in time, the 
frame pointer reaches the bottom of an output queue 58, for 
example the output queue 586 for the gigabit transmit MAC 
72c. The dequeuing logic 76 for the transmit gigabit port 24b 
takes the frame pointer from the corresponding gigabit port 
output queue 58c, and issues a request to the scheduler 80 to 
read the frame data from the external memory 36 at the 
memory location speci?ed by the frame pointer. The sched 
uler 80 schedules the request, and issues a grant for the 
dequeuing logic 76 of the transmit gigabit port 24b to initiate 
a DMA read. In response to the grant, the dequeuing logic 
76 reads the frame data (along the read bus 69b) in a DMA 
transaction from the location in external memory 36 pointed 
to by the frame pointer, and stores the frame data in the 
internal transmit FIFO for transmission by the transmit 
gigabit MAC 72c. If the frame pointer speci?es a unicopy 
transmission, the frame pointer is returned to the free buffer 
queue 64 folloWing Writing the frame data into the transmit 
FIFO. 
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A multicopy transmission is similar to the unicopy 
transmission, except that the port vector has multiple bits 
set, designating the multiple ports from Which the frame Will 
be transmitted. The frame pointer is placed into each of the 
appropriate output queues 58 and transmitted by the appro 
priate transmit MAC units 20b, 24b, and/or 30b. 

The free buffer pool 64, the multicopy queue 60, the 
reclaim queue 66, and the multicopy cache 62 are used to 
manage use of frame pointers and re-use of frame pointers 
once the frame has been transmitted to its designated output 
port(s). In particular, the dequeuing logic passes frame 
pointers for unicopy frames to the free buffer queue 64 after 
the buffer contents have been copied to the appropriate 
transmit FIFO. 

For multicopy frames, the port vector FIFO 56 supplies 
multiple copies of the same frame pointer to more than one 
output queue 58, each frame pointer having a unicopy bit set 
to Zero. The port vector FIFO also copies the frame pointer 
and the copy count to the multicopy queue 60. The multi 
copy queue Writes the copy count to the multicopy cache 62. 
The multicopy cache is a random access memory having a 
single copy count for each buffer in external memory (i.e., 
each frame pointer). 

Once the dequeuing logic 76 retrieves the frame data for 
a particular output port based on a fetched frame pointer and 
stores the frame data in the transmit FIFO, the dequeuing 
logic checks if the unicopy bit is set to 1. If the unicopy bit 
is set to 1, the frame pointer is returned to the free buffer 
queue 64. If the unicopy bit is set to Zero indicating a 
multicopy frame pointer, the dequeuing logic 76 Writes the 
frame pointer With a copy count of minus one (—1) to the 
multicopy queue 60. The multicopy queue 60 adds the copy 
count to the entry stored in the multicopy cache 62. 
When the copy count multicopy cache 62 for the frame 

pointer reaches Zero, the frame pointer is passed to the 
reclaim queue 66. Since a plurality of frame pointers may be 
used to store a single data frame in multiple buffer memory 
locations, the frame pointers are referenced to each other to 
form a linked-list chain of frame pointers to identify the 
entire stored data frame. The reclaim queue 66 traverses the 
chain of buffer locations identi?ed by the frame pointers, 
and passes the frame pointers to the free buffer queue 64. 
As discussed above in connection With FIG. 2, the pro 

cessor interface (PI) module 50 enables an eXternal man 
agement entity such as a host CPU 32 to control overall 
operations of the sWitch 12. The processor interface module 
50 decodes CPU accesses Within a prescribed register access 
space, and reads and Writes con?guration and status values 
to and from the con?guration and status registers 52. 
As shoWn in FIG. 4, the registers 52 are arranged in 

various modules of the sWitch 12. In particular, the registers 
52 may be located in a Rules Checker (RC) module 102, a 
SWitch (SW) module 104 and a Data MAC (DM) module 
106. 

For example, the RC module 102 contains such registers 
as IRC con?guration register for de?ning the con?guration 
of the IRC 40, physical address register for storing MAC 
address assigned to the sWitch 12, IRC hash register that 
alloWs the CPU 32 to program processing algorithms in the 
IRC 40, IRC learning and aging con?guration register for 
enabling learning and aging functions of the IRC 40, etc. 
The SW module 104 contains port vector FIFO access 
register, multicopy queue access register, reclaim queue 
access register, etc. The DM module 106 contains PHY and 
MAC interrupt registers, LED con?guration register, etc. 

The modules 102, 104 and 106 are run at different clock 
rates, i.e. they are located in different clock domains. In 
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accordance With the present invention, PI module 50 enables 
the CPU 32 to access registers located in different clock 
domains. 

Speci?cally, the PI module 50 comprises a register access 
control block 110 that handles the CPU’s access to the 
registers 52. The register access control block 110 functions 
as a PI state machine that enables the PI module 50 to 
perform handshaking With the CPU 32 and With the modules 
102, 104 and 106 during read and Write accesses to registers 
arranged in the modules 102, 104 and 106. The host CPU 32 
is connected to the register access control block 110 via a 
CPU interface 112, Which may be a bus for connecting the 
sWitch 12 to a host. The sWitch 12 supports 16-bit Write and 
read transactions to enable the CPU 32 to Write and read data 
to and from the registers 52. A generic register interface 114 
connects the register access control block 110 to the modules 
102, 104, and 106. 

In accordance With the present invention, the register 
access control block 110 performs handshaking With the 
CPU 32 via the CPU interface 112, and With the register 
modules 102, 104 and 106 via the generic register interface 
114. As a result, the CPU 32 is capable of accessing the 
registers located in different clock domains. 

FIG. 5 shoWs a timing diagram that illustrates operations 
performed during the CPU read access to a register in any of 
the register modules 102, 104 and 106. A signal PIiCTi 
SM in the middle of the diagram on FIG. 5 represents states 
of a PI state machine that controls handshaking. The signal 
Waveforms shoWn in the upper portion of FIG. 5 above the 
signal PIiCTiSM illustrate signals transferred via the CPU 
interface 112. These signals are synchronous With respect to 
a CPU clock signal CPUiCLK, Which runs at up to 33 
MHZ. The signal Waveforms shoWn in the loWer portion of 
FIG. 5 beloW the state machine signal PIiCTiSM illustrate 
handshaking via the generic register interface 114. 
As shoWn in FIG. 5, the PI state machine Waits in an IDLE 

state until the CPU 32 initiates read access to any register in 
the register modules 102, 104 or 106. The host CPU read 
access cycle is initiated When a chip select signal CPUiCS# 
and a CPU data strobe signal CPUiDS# in the CPU 
interface 112 are both sampled loW on a rising edge of the 
CPUiCLK signal, and a CPU read/Write enabling signal 
CPUiR/W# in the CPU interface 112 is sampled high on the 
same rising edge of the CPUiCLK signal. When this 
condition occurs (CPUiCLK cycle 4), the PI state machine 
(represented by the signal PIiCTiSM) makes the transition 
to a START state. Also, a data bus CPUiD[15:0] of the CPU 
interface 112 is set to a high impedance state to be ready for 
reading data. 

Further, When the value of a CPU address signal CPUiA 
[11:1] in the CPU interface 112 becomes valid, this value is 
latched as a latched address signal CPUiAiLAT[11:1] into 
the generic register interface 114 on a rising edge of the 
CPUiCLK signal (CPUiCLK cycle 2) to indicate the 
address of the appropriate register. 
The PI state machine remains in the START state for one 

cycle, and then, advances to a WAITiREADY state, in 
Which it asserts a read register signal PIiRDiREG and 
produces a register select signal PIiREGiSEL, and a 
register address signal PIiAD[15:0]. The read register 
signal PIiRDiREG is a handshake signal asserted in the 
generic register interface 114 to enable reading data from the 
selected register. The register select signal PIiREGiSEL 
signal is produced in the generic register interface 114 to 
select a line for reading data from a particular register in the 
RQ module 102, SW module 104, or DM module 106. The 
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register address signal PIiAD[15:0] in the generic register 
interface 114 is decoded by the modules 102, 104 and 106 
to ?nd the register to be read. 

Thus, the PI state machine of the present invention 
translates CPU read access signals transferred via the CPU 
interface 112 into read access signals of the generic register 
interface 114. 

When the selected register decodes its address, the mod 
ule 102, 104, or 106 that contains the selected register 
generates a register ready signal REGiPIiRDY asserted in 
the generic register interface 114 to notify the PI module 50 
that the selected register is ready. In response, the PI module 
50 reads data GiPIiRDiDATA of the selected register via 
the generic register interface 114. 
As the modules 102, 104 or 106 may be located in 

different clock domains With respect to the PI module 50, the 
register ready signal REGiPIiRDY should be synchro 
niZed With the PI module 50. To provide this 
synchroniZation, the module 102, 104, or 106 that contains 
the selected register asserts a synchroniZing register ready 
signal REGiPIiSYN delayed by one CPUiCLK cycle 
With respect to the REGiPIiRDY signals, and a latched 
register ready signal REGiPIiLAT delayed by one CPUi 
CLK cycle With respect to the REGiPIiSYN signal. 
On the next CPUiCLK rising edge after the REGiPIi 

LAT signal is asserted, the PI state machine makes the 
transition to a WAITiNOiRDY state to deassert the read 
register signal PIiRDiREG and terminate the register 
select and register address signals PIiREGiSEL and 
PIiAD[15:0] in the generic register interface 114. Also, the 
PI state machine enables the CPU 32 to latch the read data 
value via the data bus CPUiD[15:0] of the CPU interface 
112. 

In response to the deassertion of the read register signal 
PIiRDiREG, the module 102, 104, or 106 that contains the 
selected register deasserts the register ready signal REGi 
PIiRDY to notify the PI module 50 that the read access is 
terminated. To provide synchroniZation With the PI module 
50, the module 102, 104 or 106 deasserts the synchroniZing 
register ready signal REGiPIiSYN With a delay by one 
CPUiCLK cycle With respect to the REGiPIiRDY 
signals, and a latched register ready signal REGiPIiLAT 
With a delay by one CPUiCLK cycle With respect to the 
REGiPIiSYN signal. 
When the latched register ready signal REGiPIiLAT is 

deasserted, the PI state machine makes the transition to a 
RDY state, in Which it deasserts a CPU ready signal CPUi 
RDY# in the CPU interface 112 to terminate the CPU read 
access. When the CPU data strobe CPU DS is sampled high 
on a rising edge of the CPUiCLK signal (CPUiCLK cycle 
16), the CPUiRDY# signal is asserted to prepare the sWitch 
12 for the next read or Write access, and the PI state machine 
makes the transition to the IDLE state. Further, When the 
CPU address pins CPUiA[11:1] are sampled to be set in a 
high impedance state on the rising edge of the CPUiCLK 
signal (CPUiCLK cycle 17), the latched address lines 
CPUiAiLAT[11:1] of the generic register interface 114 are 
set to a high impedance state. 

FIG. 6 shoWs a timing diagram that illustrates operations 
performed during the CPU Write access to a register in any 
of the register modules 102, 104 and 106. Asignal PIiCTi 
SM in the middle of the diagram on FIG. 6 represents states 
of the PI state machine during the Write access. The signal 
Waveforms shoWn in the upper portion of FIG. 6 above the 
signal PIiCTiSM illustrate signals transferred via the CPU 
interface 112. The signal Waveforms shoWn in the lower 

10 

15 

25 

35 

45 

55 

65 

10 
portion of FIG. 6 beloW the state machine signal PIiCTi 
SM illustrate handshaking via the generic register interface 
114 during the Write access. 
As shoWn in FIG. 6, the host CPU Write access cycle is 

initiated When a chip select signal CPUiCS# and a CPU 
data strobe signal CPUiDS# in the CPU interface 112 are 
both sampled loW on a rising edge of the CPUiCLK signal, 
and a CPU read/Write enabling signal CPUiR/W# in the 
CPU interface 112 is sampled loW on the same rising edge 
of the CPUiCLK signal. When this condition occurs 
(CPUiCLK cycle 4), the PI state machine makes the 
transition from the IDLE state to the START state, and the 
CPU data bus signal CPUiD[15:0] is latched via a data bus 
PIiWRiDATA[15:0] of the generic register interface 114 
to carry data to be Written into a selected register. 
As illustrated in FIG. 6, operations performed by the PI 

state machine during the CPU Write access are similar to the 
read access operations discussed above. HoWever, instead of 
asserting the register read signal PIiREGiRD, the PI state 
machine in the WAITiRDY state asserts a register Write 
signal PIiWRiREG to enable Writing data to a select 
register in the RQ module 102, SW module 104 or DM 
module 106. 

Thus, the PI module 50 translates signals in the CPU 
interface 112 into generic register interface signals, and 
performs handshaking With the appropriate register module 
102, 104 or 106 to provide CPU read or Write access to a 
selected register. As a result, the generic register interface 
114 capable of supporting any external processor connected 
to the sWitch 12 provides external processor’s access to 
registers located in different clock domains. 

In this disclosure, there are shoWn and described only the 
preferred embodiments of the invention, but it is to be 
understood that the invention is capable of changes and 
modi?cations Within the scope of the inventive concept as 
expressed herein. 
What is claimed is: 
1. Adata processing system connected to an external host 

processor, comprising: 
a host processor interface for providing interface to the 

host processor, 
a plurality of register modules located in different clock 

domains and having registers to be accessed by the host 
processor, 

an internal register interface for providing interface to the 
plurality of register modules, and 

a processor interface module coupled to the host proces 
sor interface for performing handshaking With the 
plurality of register modules via the internal register 
interface to provide the host processor With access to 
the registers in the plurality of register modules. 

2. The system of claim 1, Wherein the processor interface 
module enables the internal register interface to support any 
external processor connected to the host processor interface. 

3. The system of claim 1, Wherein the processor interface 
module comprises a state machine responsive to the host 
processor interface for controlling access to the registers via 
the internal register interface. 

4. The system of claim 3, Wherein the state machine 
makes a transition to a starting state When host processor’s 
access to a selected register is initiated. 

5. The system of claim 4, Wherein the state machine 
produces a register access signal in the internal register 
interface in response to initiation of the host processor’s 
access. 

6. The system of claim 5, Wherein a register module of the 
plurality of register modules produces a register ready signal 
in the internal register interface in response to the register 
access signal. 
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7. The system of claim 6, wherein the register module 
generates synchronization signals in the internal register 
interface after producing the register ready signal, to provide 
synchronization With the processor interface module. 

8. The system of claim 7, Wherein the state machine 
deactivates the register access signal to ?nish the host 
processor’s access, after receiving the synchroniZation sig 
nals. 

9. The system of claim 8, Wherein the register module 
deactivates the register ready signal and the synchroniZation 
signals in response to deactivation of the register access 
signal. 

10. A netWork sWitching system for sWitching data pack 
ets betWeen multiple ports, comprising: 

a plurality of receive ports for receiving data packets, a 
decision making engine responsive to the received data 
packets for controlling transmission of the received 
data packets to a selected transmit port, 

a host processor interface for connecting a host processor, 
multiple register modules located in different clock 
domains and having registers to be accessed by the host 
processor, 

an internal register interface for providing interface to the 
plurality of register modules, and 

a processor interface module coupled to the host proces 
sor interface for supporting host processor’s access to 
the registers in the plurality of register modules. 

11. The system of claim 10, Wherein the processor inter 
face module enables the internal register interface to support 
any host connected to the host processor interface. 

12. The system of claim 10, Wherein the processor inter 
face module comprises a register access control circuit 
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responsive to the host processor interface for controlling 
access to the registers via the internal register interface. 

13. The system of claim 12, Wherein the register access 
control circuit is con?gured for translating signals in the host 
processor interface into signals in the internal register inter 
face. 

14. The system of claim 12, Wherein the register access 
control circuit is con?gured for performing handshaking 
With the register modules via the internal register interface 
When host processor’s access is initiated. 

15. The system of claim 10, Wherein the register modules 
generates synchroniZation signals in the internal register 
interface to synchroniZe the register modules located in 
different clock domains With the processor interface module. 

16. Amethod of providing an eXternal host processor With 
access to registers located in different clock domains, com 
prising the steps of: 

translating host processor interface signals into signals in 
an internal register interface, and 

performing handshaking With the registers via the internal 
register interface. 

17. The method of claim 16, Wherein the step of hand 
shaking includes supplying the registers With a register 
access signal for enabling access to a selected register. 

18. The method of claim 17, Wherein the step of hand 
shaking further includes producing a register ready signal in 
response to the register access signal. 

19. The method of claim 18, Wherein the step of hand 
shaking further includes producing a synchroniZation signal 
delayed With respect to the register ready signal. 

* * * * * 


